, include model structure, sites and frequencies of particle deposition, processes and rates of clearance of the deposited material from the respiratory tract, and consideration of the parameters involved in these processes and how various factors can influence these parameters.
INTRODUCTION
During the past 4 decades, the fnternational Commission on Radiological Protection, ICRP, has published three different mathematical models to describe the deposition, clearance, and dosimetry of inhaled radioactive materials in the respiratory tract'*'f. Models of this type, usually referred to as "lung" models, are a critical part of a radiation protection system for inhaled radioactive materials. The models make it possible to calculate the absorbed doses expected to be received by different parts of the respiratory tract and describe mathematically the expected absorption and translocation of portions of the deposited radionuclides to other organs and tissues beyond the respiratory tract.
As shown below, the structure and complexity of these models have increased with each version. These increases reflect both the expanded knowledge of the behavior and dosimetry ,.
of inhaled materials in the respiratory tract and an increased need for models having broader applications. Earlier models were used primarily for general prospective health protection planning purposes and routine workplace monitoring support. As these models have become more detailed and flexible, they have been used for site-and process-specific applications as well as for retrospective analyses of individual exposures. The following comparisons show how --these models have been changed to accomplish these tasks.
Page 2 STRUCTURE Before comparing the mathematical descriptions of particle deposition and clearance and the associated dosimetry among these models, it is important to note that the models have changed in structure, expanding from two airway regions in the 1959 model' to five airway regions in the 1994 models3. As shown in Fig. l(a) , the 1959 model had a very simple structure in which the respiratory tract was divided into an upper respiratory tract, URT, and a lower respiratory tract, LRT'. No specific anatomical sites were assigned to the URT and LRT.
In 1966, the ICRP Task Group on Lung Dynamics, TGLD, published a comprehensive report on models of the deposition and retention of inhaled particles in the human respiratory tract4. This information was the basis of the dosimetric model for the respiratory tract included in the recommendations of the ICRP in its Publication 302. In the 1979 model, the respiratory tract was divided into the three airway regions shown in Fig. l(b) , nasopharyngeal, N-P; tracheobronchial, T-B; and pulmonary, P. The N-P region extended from the anterior nares to the larynx, and the T-B region included the trachea and bronchial tree through the terminal bronchioles. The P region was the remaining, nonciliated gas-exchange region. In the 1966 TGLD report, it was noted that the T-B and P regions constituted what was earlier termed the LRT.
The newest model, the 1994 version shown in Fig. 2 , is divided into five airway region$.
The extrathoracic airways are divided into two compartments: ET,, the anterior nose, and ET,, the posterior nasal passages, larynx, pharynx, and mouth. The bronchial region, BB, consists of the trachea and bronchi, and the bronchiolar region, bb, consists of the bronchioles and terminal bronchioles. The last region, the alveolar-interstitial region, AI, consists of the respiratory bronchioles, the alveolar ducts, alveoli, and the interstitial connective tissue.
DEPOSITION
The deposition portions of these models describe the expected fractional depositions of inhaled particles at different locations throughout the respiratory tract. In the definition of the 1959 model,' it was assumed that the percentage of inhaled particles deposited in the URT, represented by DURT, was 50%. Similarly for the LRT, it was assumed that DLRT was 25% and the remaining 25% was exhaled. The magnitude or relative distribution of particle deposition did not depend on particle size.
, .
In the 1979 model, deposition probabilities from the TGLD report, &+, &-B, and D,, were given for the N-P, T-B, and P regions, respectively, as functions of the activity median aerodynamic diameter, AMAI), of the particle size distribution for the inhaled particles. These relationships are shown in Fig. 3 Incorporation of particle size considerations and the AMAD concept was a major improvement in the health protection practices for inhaled radioactive particles.
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Our knowledge of the effects of particle size on the deposition of inhaled particles has increased substantially during the almost 3 decades since the publication of the TGLD report3. This is clearly reflected in the deposition curves in the 1994 model shown for polydisperse aerosols in Fig. 43 . Depositions in the five compartments (ET,, ET,, BB, bb, and AI) are given as functions of median particle size covering five orders of magnitude. Two different types of particle size distribution parameters are used (see footnote). The activity median thermodynamic diameter, A D , is used to describe the deposition for particles ranging in size from 0.001 to 1.0 pm. The AMAD is used to describe depositions for the size range of 0.1 to 100 pm.
Similar deposition values are obtained for the decade of 0.1-1.0 pm using both classes of diameters. The 1994 model also considers age-related effects and particle inhalability, a measure of the probability that an airborne particle, when presented for inspiration, will enter the respiratory tract and be available for deposition. Particles larger than 10 p m have relatively lower inhalability .
For each of these three models, a set of default deposition values is assigned based on default particle size parameters. The default values are to be used in the absence of site-or incident-specific particle size data. This value, 1 km, AMAD, recognizes the likelihood of encountering smaller particle size distributions in environmental exposures than encountered in occupational activities.
CLEARANCE
Once material has been deposited, clearance begins by several different processes. These include the release, of the radionuclide by dissolution followed by absorption into the systemic circulation and the movement of particles by mechanical processes such as mucociliary activity and movement of macrophages following ingestion of intact particles. These processes and others are described in differing levels of detail in the three models considered here. to be absorbed quickly from compartment b (no half-time specified) into the systemic circulation.
For insoluble particles, 12.5% are assumed to clear from compartment c to compartment a by mucociliary activity during the first 24 h followed by swallowing into the gastrointestinal tract.
The remaining 12.5% are retained in compartment b with a biological half-time of 120 d. In this system, insoluble forms of Pu and Th were considered separately by assigning them clearance half-times of 1 and 4 y, respectively. No clearance of particles to the regional lymph nodes was included in the model.
The 1979 model shown in Figure 1@ ) contained additional compartments to consider:
1) the three regions in the deposition model, N-P, T-B, and P; 2) absorption and transport of radionuclides from each of these regions; and 3) an additional clearance pathway to the tracheobronchial lymph nodes. Each compartment shown in the N-P, T-B and P regions receives a specified fraction of the -@cles deposited in those regions, and each represents a These processes are shown as mows that point a) upward representing mucociliary processes which will be followed by swallowing to the GI tract, b) left representing clearance of particles via the lymphatic system to regional lymph nodes, and c) right representing dissolution and absorption into the systemic circulation. Because these processes act independently on the regional deposit, each can be specified separately and allowed to compete against the other processes when the model is used. James6 has compared the effective doses for several inhaled radionuclides as calculated using the 1979 and 1994 models. These results, expressed in ~S V per l3q inhaled in 1 pm AMAD particles, are given in Table 3 . In spite of numerous differences in the deposition, clearance, and dosimetry portions of these two models, the calculated effective doses are for the most part, only slightly different (lower) in the 1994 model. For the radionuclides considered here, the largest difference is for Class Y Pu vs. Class S Pu, where the effective dose is reduced over threefold from 60 to 16 pSv/Bq.
USES 0 FTHESE MODELS
Earlier respiratory tract dosimetry models were primarily used for health protection planning purposes and routine workplace monitoring activities and analyses. In these applications, more general models, based on a broader range of assumptions and approximations, to the respiratory tract. The 1994 model provides a very valuable tool for this purpose.
m u s e of the flexibility and options built into this model, it should be useful for many years in evaluating occupational and population doses using either default or situation specific factors.
As these models have become more detailed and complex, so have the computations required to use them. In the earlier models, many needed results were tabulated for ready 
CONTTNUMG NEEDS
The structure and implementation of the 1994 model will make it possible to examine a number of issues in greater detail than previously possible. The model is well suited to consider the possible impact of a broad range of process-and site-specific aerosols having different characteristics, especially as related to dissolution-absorption. Although default values are available at the present -time, it is likely that these process-and site-specific data will become available at later times. 
